572nd MEETING, LONDON 43 spectra from the membranes are very similar to those of aqueous bilayers of the extracted lipids. Protein-lipid interactions are revealed in this system by the sensitivity of membrane-associated enzymic activities to structural transitions detected in the lipid-bilayer component of the membrane. The cytochrome oxidase complexes are a convenient experimental model in which it is possible to vary the 1ipid:protein ratio and hence distinguish between specific protein-lipid interactions as distinct from protein-'crowding' effects on the lipid bilayer. The e.s.r. spectra of the complexes reveal a two-component spectrum arising from a strongly immobilized population of lipid interacting directly with the protein, together with a fluid-bilayer component whose motional characteristics are strongly perturbed at high protein: lipid ratios. The rod outersegment and acetylcholine-receptor membranes are non-reconstituted systems that contain a high proportion of a single protein and are thus appropriate for studying specific lipid-protein interactions. A strongly immobilized, protein-associated lipid component is observed in the spin-label spectra from both membranes, although they differ considerably in their degree of fluidity and apparent protein crystallinity. This suggests that a specifically immobilized, boundary-lipid region may be a general feature of lipid-protein interactions in biological membranes. 
Permeant cations passing through the channel are forced to become partly dehydrated, and it is postulated that interactions between ions and oxygen atoms in the channel are such as to be able to overcome the unfavourable energy of dehydration: it is the nature of the cation-channel interaction that determines the selectivity among the small cations.
A second approach to the study of ion channels is to find drugs that selectively and reversibly alter the function of the channels: such drugs are the local anaesthetics. A large variety of drugs act as local anaesthetics and block the transient increase in Na+ permeability after membrane depolarization, and the question arises as to the nature of the 'receptor' for local anaesthetics. Local anaesthetics could logically interact either with the lipid or with the protein component of the membrane. Interaction between anti-cholinergic drugs and their receptors appears to depend largely on hydrophobic interactions (Ariens & Simonis, 1967) , and shows considerable steric dependence, as illustrated, for example, by the activity ratio of 60 for the optical isomers of the cyclohexylphenylglycollic acid ester of choline. In contrast, activity ratios for optical isomers of local anaesthetics are usually close to 1, showing that hydrophobic interactions BIOCHEMICAL SOCIETY TRANSACTIONS between local anaesthetics and their site of action are sterically undemanding. At the same time interaction is undemanding with respect to charge interactions, as neutral, positively and negatively charged molecules can all act as local anaesthetics. In view of the blandness of the interaction, it seems likely that local anaesthetics interact with the lipid component of the nerve membrane rather than interacting directly with the Na+ channel. The problem then arises as to how an effect of the local anaesthetic on the lipid component of the membrane is transmitted to the Na+ channel. It has been suggested that anaesthetic action follows from an 'expansion' of the membrane (Seeman, 1972) , but the proposed link between these two phenomena is not clear: certainly some enzymes, such as the (CaZ+/Mg2+)-activated adenosine triphosphatase are stimulated by anaesthetics (Kondo & Kasai, 1973) rather than being inactivated. It has also been suggested that local anaesthetics increase the 'fluidity' of the membrane (see Seeman, 1972) , but this increase in 'fluidity' is in fact very small (Lee, 1977a) . Further, the dependence of the Na+ channel on membrane fluidity is discontinuous, in the sense that the channel responds to an increase in fluidity, but not to a decrease: neither decreasing the temperature (Cohen & Landowne, 1974) nor increasing the pressure (Henderson & Gilbert, 1975) has much effect on the maximum Na+ conductance.
To explain these observations, it has been postulated that the lipid annulus surrounding the Na+ channel in nerve is normally in a rigid, gel-like state, and that the effect of local anaesthetics is to trigger a change for this annular lipid into a more fluid state, allowing a conformation change for the protein with consequent narrowing of the channel (Lee, 1976).
A convenient fluorescence technique has been found for detecting the lipid phase transition, using chlorophyll a as a fluorescence probe. In this way the effects of anaesthetics on the gel-to-liquid-crystalline phase transition in phosphatidylcholines and phosphatidylethanolamines, and in mixtures of these lipids, have been studied. Linear aliphatic alcohols up to octan-1-01 cause a decrease in transition temperature. As shown in Table 1 , there is a correlation between the concentration of alcohol causing a 3°C fall in transition temperature and that causing nerve block. The effects can be understood in terms of a classical depression of the freezing point, taking into account the presence of defects in the gel-phase lipid (Lee, 19776) . More interestingly, longer- chain alcohols cause an increase in transition temperature, explaining why such compounds are no longer local anaesthetics. Similarly, it has been shown that alkanes shorter than about C, act as local anaesthetics, but longer-chain alkanes do not (Haydon et al., 1977) : decane and dodecane have no effect on the temperature of the lipid-phase transition.
Effects of charged molecules are more complex, because of the build-up of charge on the liposomes as a result of binding. The barbiturates have greater effects on phasetransition temperatures at low pH, where more of the drug is present in the uncharged form. For positively charged drugs, incorporation of negatively charged lipid into the bilayer increases the effect on transition temperatures. Concentrations of drug causing a significant decrease in transition temperature are significantly lower than those causing local anaesthesia ( Table I ), so that it is necessary to postulate the presence of negatively charged lipid in the lipid annulus around the Na+ channel. Differential effects of internal and external applications of local anaesthetics can then be explained in terms of the effects of the differing internal and external concentrations of Ca2+ and Mg2+ on charge-charge interactions (Lee, 1976) . The more hydrophobic the drug, the less important the charge interactions become, so that with chlorpromazine, for example, the concentration required to produce a 3°C fall in phase-transition temperature is about equal to that required for nerve blockade. Similarly, the concentrations of the amino steroids Org NAl3 and Org 6001 (Organon, Oss, The Netherlands) required for local anaesthetic action are in the same range as those that produce a 3°C fall in transition temperature. On the other hand the steroid alphaxalone has no effect on lipid transition temperatures, and is probably not a local anaesthetic. The rigid micro-environment around the Na+ channel could be established either by selection of specific lipids or by the strength of the lipid-protein interaction (or by a combination of both). In particular, the low transition temperatures of lipids containing fatty acyl chains with cis-double bonds has been attributed to the disruptive influence of the cis-double bond (Barton & Gunstone, 1975) . Since the steric requirements for good lipid-lipid and lipid-protein interactions are likely to be very different, it is likely that the effect of a cis-double bond will be much less disruptive of good lipid-protein interaction than of good lipid-lipid interaction. Unsaturated lipids in the annulus could therefore show properties more like their saturated analogues, and thus be relatively rigid at physiological temperatures.
It is also important to have some understanding of the organization of cholesterol within the membrane, since cholesterol has marked effects on lipid fluidity. To this end we have prepared fluorescent analogues of cholesterol and ergosterol and used them to study lipid-cholesterol interactions (Rogers et al., 1978) .
